Introduction
It has been demonstrated rather clearly that the X-ray photoelectron spectroscopy (XPS) of copper complexes is a useful means of distinguishing between the copper(I), 3d 10 , and copper(II), 3d 9 , electronic states [1] [2] [3] . Thus, the XPS of copper(I) complexes exhibits a symmetrical main peak in either the 2P3/2 or 2PI/2 region with no evidence of a shake-up satellite at higher binding energy.
Copper(II), on the other hand, exhibits, in addition to the main peak, one or two satellite peaks at 5-10 eV higher binding energy from the main peak.
Even in copper(I)-copper(II) mixed valence compounds the two oxidation states can be resolved by XPS [4] . In most instances the satellite is an asymmetrical peak due to two or more overlapping but unresolved satellite peaks. In some complexes, however, two well separated and well defined satellites are observed. We have shown that this occurs when the copper is bound to carbonyl oxygen atoms [1] . One of us has discussed the possible applications of copper XPS to the study of biologically relevant ligand systems and proposed to use this technique for the study of biochemically active copper [1, 2, 4, 5] .
Because of the recent interest in the possibility of copper (III) in biological systems [6] [7] [8] , it was of interest to obtain XPS spectra on a well defined 
Experimental

X-ray photoelectron spectroscopy
X-ray photoelectron spectra were obtained with a Varian V-IEE 15 high-resolution electron spectrometer equipped with a 620-L online computer (8K). During the course of the measurement the sample was maintained at approximately 100 K by cooling with liquid nitrogen. This has proven satisfactory to minimize decomposition reactions caused by X-ray-irradiation. The samples were run as finely ground powders dusted onto the backing of a onesided adhesive Cellotape (Scotch Tape, 3M Co.) which was attached to the cylindrical sample holder. The spectra were standardized with the C IS aliphatic hydrocarbon line for which a binding energy of 284.0 eV was assigned [16] . All spectra were time averaged and smoothed using a box car function.
Compounds
Reagent grade copper (II) acetate monohydrate, nickel(II) acetate monohydrate, and biuret were from Merck, Darmstadt. K2Cu(bi)2 and K2Ni(bi)2 were prepared according to the method of Freeman [15] . KCu(bi)2 and KNi(bi)2 were prepared according to the method of Bour et al., by S20s = oxidation of solutions of the corresponding K2M(bi)2 compounds [10] .
Results and Discussion
The compounds studied here are all square planar with nitrogen donor atoms. The X-ray crystal structure for K2Cu(bi)2 * 4 H2O demonstrates this unambiguously for the copper(II) complex [15] . With respect to satellite structure, the copper(II) complex, K2Cu(bi)2, shows the normal satellite at higher binding energy. The satellite intensity amounts to 30% of the total signal intensity. The satellite, as is often the case, is composed of 2 components which lie at about 8.7 eV and 6.1 eV to higher binding energy from the 2P3/2 main peak.
The satellite intensity for the copper(IH) case corresponds to 25% of the total signal intensity.
The copper(III) satellite always appears to be more symmetrical than that for the copper (II) compound 
